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1Summary
Water use and groundwater rises are two important problems facing irrigators in the
southern irrigated region of NSW. Water loss through percolation has been extensively
studied for irrigated farms and major supply channels but there have been no studies of
loss through on-farm channels and drains.
This study aimed to determine the magnitude of percolation losses attributable to on-farm
channels and drains.  It also aimed to consider approaches and for need to identify problem
were and to consider likely remediation techniques.
Investigations were carried out within selected farms in Coleambally and Murrumbidgee
Irrigation Areas in southern NSW during the irrigation seasons of 1997/98, 1998/99 and
1999/00. The Idaho Seepage Meter was used to make point infiltration measurements.
Seepage losses were not estimated for all channels on every farm but for only those
channels being used by the landholder in the periods seepage measurements were taken.
Only 3 of the 9 farms investigated were using all of the channels and drains on the farm
during monitoring activities. Only permanent channel and drain structures on the farm
were measured. This potentially causes the annual seepage losses calculated per farm to be
underestimated.
The Idaho Seepage Meter was used for this investigation. Measuring seepage using the
Idaho Seepage Meter is rapid, direct, and cheap. The success of this method depends upon
the high degree of homogeneity in natural soils. Tests using seepage meters can be
conducted in channels without interfering with their normal water delivery operation.
Three or four measurements were taken across channels and drains at intervals of 50 - 100
metres. Due to the age and lack of maintenance of these channels their cross-sections had
deteriorated. In these situations it was difficult to place the Idaho Seepage Meter on the
sides of the channels. Extreme care was taken to cause minimal disturbance to the local
soil so that the seepage pattern would not be appreciably affected.
A series of test wells was drilled adjacent to the irrigation channels and drains using
information obtained from EM 31 electromagnetic surveys.
The Idaho Seepage Meter can be used to rapidly locate channel sections with high seepage
losses.  This enables total seepage losses from a section of channel to be estimated
economically.
The seepage results from 15-30 year old channels indicate that a combination of weeds and
sediment deposition may be the major factor for reduction of seepage. Silt sediments were
deposited on the channel bed, or on only part of the bed where the channel was curved, not
the entire wetted perimeter of the channel. However, some old channels, which were
cleaned prior to the irrigation season, had significant seepage volumes
2In new channels and drains low seepage rates were also found at many sites. These sites
could have been influenced by factors such as compaction beneath the bed of channel, soil
sodicity, biological activity, and slope/bend of channel, and silt deposition in the channel
bed.
EM-31 surveys were used to characterize soil differences along channel and drainage lines
and the apparent electrical conductivity (ECa) values were compared with direct seepage
measurements using an Idaho Seepage Meter. This method proved successful in
identifying actual seepage sites. ECa values obtained from the EM-31 surveys provided an
insight into the most likely locations to have high seepage rates. The EM-31 method was
shown to be an important initial predictive tool.
Highest seepage rates were found where ECa values were low. In some areas seepage rates
were found to be low despite low ECa values at these locations. These anomalies were
attributed to various factors which included compaction of substrate, clay layers below
channel bed, sodicity, biological activity and sediment deposition.
Combining the seepage-monitoring program with the EM31 electromagnetic survey
method proved to be highly effective in detailing the nature and extent of the problem.
Despite its limitations, the EM31 method is considered to be an important predictive tool
in the first stage of loss assessment.
Investigation was carried out with in selected farms to quantifying seepage losses from
sections of channels and drains in the Murrumbidgee Irrigation Area and Coleambally
Irrigation Area.  This study enabled those sections with high seepage rates to be identified.
As the price of water becoming a realistic figure in terms of meeting actual cost, water
distribution efficiencies are being very closely examined. Water loss through seepage in
on-farm channels and drains is one of the many elements of the system under investigation.
Detection and accurate measurement of seepage is important for the efficient and effective
management of on-farm water. However, it is necessary to firstly determine whether a
problem exists, and secondly to quantify the extent and seriousness of that problem, before
putting resources into seepage control. At high seepage rates it is uneconomical to apply
the various treatments available. It is suggested that only methods compatible with and
complementary to the natural sealing process will be successful.  Lining a leaky channel
site will not always completely eliminate seepage losses. In fact, all that can be reasonably
expected is a reduction in the seepage rate.  The amount of reduction will depend upon the
lining used and the magnitude of the loss prior to lining.
Investigation sites were established within irrigation channels and drains on each of nine
farms, each with an average of approximately 3-4km of unlined on-farm channels carrying
water within the farm boundaries and about 1-3km of drains that are used for recycling
runoff water.
3Objectives
q Determine the magnitude and importance of seepage losses from on-farm channels and
drains in the Murrumbidgee valley.
q Develop “farmer-friendly” methods for determining distribution efficiency of on-farm
channels and drains.
q Identify the need for treatments to reduce losses from channels and drains.
q Use EM surveys to identify the relationship between the seepage losses and EM values
1. INTRODUCTION
Until recently water loss through seepage from on-farm channels or drains was not
automatically recognized as a resource loss. Although the procedures leading to seepage
losses are not well understood, they almost certainly contribute to salinity, waterlogging
and water loss. They are therefore worthy of investigation.
 Seepage is the process of water movement into and through the soil from a body of
surface water.  This may occur in channels, drains or ponded water /streams.  A
quantitative knowledge of seepage rates is desirable when determining seepage losses from
channel or drains. The most important factors affecting the reliable measurement of
seepage from on-farm channels and drains are:
1.1 Factors affecting reliable measurement of seepage
-  the permeability of the layers forming or immediately underlying the channel;
-  the wetted perimeter of the channel;
-  the depth of groundwater;
-  the depth of water in the channel;
-  the age of the channel;
-  the amount of sediment on the bed of the channel; and
-  the volume of suspended matter in the water
1.2 Other Factors
-  temperature of the water and soil
-  air trapped in the soil
-  capillary tension
-  salt content in the soil and water
-  barometric pressure
-  biological activity
Seepage from on-farm channels and drains is a direct cause of loss of agricultural
production.  It reduces the usefulness of land by causing water logging and increasing soil
salinity.
4Water loss by seepage from on-farm channels and drains varies considerably along the
length of the channel and is dependent upon the age of the channel and other factors, which
may either reduce or increase seepage in particular soils/situations. Seepage losses can be
reduced considerably by sealing or compacting the channel or drains. Accurate diagnosis
and location of the problem areas allows targeted treatments to be applied in a cost-
effective manner.
Both the Cadell LWMP On-Farm options (de Vries 1994) and the Denimein On-farm
Options (Smith 1996) suggest control measures should be undertaken where seepage rates
are high. The suggested control measures include:
(i) Channels should be constructed on a pad of low permeability material,
Existing farm channels that are known to leak excessively should be lined or re-built with a
material of low permeability. Estimates of seepage are an essential component in the
management of earthen channel systems. Seepage losses from channel or drains must be
located and quantified to establish their economic and environmental importance.
Historically there has been little monitoring of on-farm channel and drain seepage losses or
assessment of their effects on farmland, groundwater and surrounding areas. No previous
study of seepage from on-farm channels and drains has been carried out locally.  However,
from 1994 to 1997 studies were conducted on irrigation supply channels in the
Coleambally Irrigation Area (Maher and Smith, 1997). Distribution channels were found to
suffer significant seepage losses in this study.
EM-based methodologies have been developed to target rice land investigations where rice
soil suitability needs to be assessed. This study set out to examine the use of EM-31
technology to predict channel and drain locations with high seepage rates.
The overall goal of this research was to produce a predictive tool to locate potential
seepage sites and estimate the potential seepage prior to planning and construction or
remediation of earthen channels and drains.
Seepage investigations were carried out on nine farms in the Murrumbidgee Irrigation
areas and Coleambally Irrigation Area as a part of investigations for the Cooperative
Research Centre for Sustainable Rice Production (Rice CRC). Through its research and
education activities, the Rice CRC aims to increase the economic, environmental and
social sustainability of the Australian Rice Industry.
2. INSTRUMENTS USED
Direct measurement and EM31 induction survey methods of estimating seepage were used
in the study. These are listed below.
52.1 Idaho Seepage Meter
In Idaho Seepage Meter method the rate of seepage is measured from a small area on the
wetted perimeter of the channel or drain enclosed by a cylindrical bell. By maintaining the
head in the seepage meter equal to the head in the channel, the pressure on the enclosed
area is kept equal to that on the surrounding area during testing.  Out-flow from the Idaho
seepage meter then gives a direct measurement of seepage.
When placing the Idaho Seepage Meter extreme care should always be taken to cause
minimal disturbance to the local soil so seepage patterns are not appreciably affected. This
is particularly important if seepage is controlled by a relatively thin layer of low
permeability material at the surface of the channel bottom.
The Idaho Seepage Meter can be used on the sides of the channel as well as on the bed.
When using the meter on the sides it is connected to a reservoir tube.  When water seeps
from the seepage bell the water depth in the reservoir drops. The rate of drop of the water
level in the reservoir tube is recorded.
A large number of tests can be conveniently carried out and statistically analysed to
determine the most probable value of the losses.
62.2 Limitations of the Idaho Meter (Byrnes 1979)
1. It can’t be used successfully in channels or drains where the water depth is more
than 1.2 metres
2. The velocity of flow in the channel or drain should be less than 0.6 m/sec
3. It can’t measure seepage rates less than 3.0 mm/day
4. The channel level should not fluctuate too much during the test.
5. Channels or drains under test should be free from silt layers, weeds tree roots and
other holes.
6. The wave action should not be too great. Low depth less 0.30 metre and changing
flow conditions causes the greatest even.
3. ELECTROMAGNETIC METER (EM31)
An EM31 meter was used to measure apparent electrical conductivity of the soil measured
from ground surface to 6 metres of soil on each side of the on-farm channels and drains.
The EM method can quickly provide very high-density information that cannot be obtained
by other means using the approach of Beecher and Hume (1996).
3.1 Interpreting EM31 Data
There are large variations in apparent soil conductivity in different soil types and in similar
soil types at different moisture contents. Six factors influence conductivity. These are:
1. The amount of pore space between the soil particles in the ground (porosity)
2. The amount of groundwater filling the pores
3. The salinity of the groundwater in the pores
4. Temperature
5. The type and amount of clay in the soil and rock
6. The type and amount of organic matter
Most agricultural soils are made up of layers of soil within the profile. The EM31 does not
directly measure any one of these layers. Instead the EM31 measures the average
conductivity of the profile to a depth of 6 metres. The reading is known as “apparent
conductivity”. As the EM31 measures only apparent conductivity, further information must
be collected from the site to correlate the EM31 data with the actual soil type. To interpret
the data generated from an EM31 survey it is important to assess the soil type, geology,
geomorphology and prior land use.  Low conductivity (very low reading), indicates high
textured material. The usefulness of soil conductivity stems from the fact that sands have a
7low conductivity, silts have a medium conductivity and clays have a high conductivity.
Consequently conductivity (measured at low frequencies) correlates strongly to soil grain
size and texture.
4. CURRENT METER COUNTER (CMC)
The inflow-outflow method was used to measure water velocity in on-farm channels and
drains.  A Current Meter was used to perform these measurements. The CMC-20 counter is
a self-contained instrument featuring solid state circuitry, a quartz-locked time base and
liquid crystal display.  Rate of flow is displayed continuously.  When current meters are
properly calibrated reasonably accurate results can be expected.
The inflow-outflow method allows measurement of inflow into, and outflow from, a reach
of channel. Seepage loss is the difference between outflow discharge and inflow.
Correction must be made for evaporation losses and rainfall.
5. DATA LOGGERS IN TEST WELLS
Calibrated DF390 data recorders were installed in test wells.  Fluctuations in groundwater
depth with time were recorded.  The data was downloaded on a monthly basis.
6. SALINITY METER
A calibrated DiST 4 Salinity meter was used to measure electrical conductivity of the
water and soil water samples. Salinity Meters measure the amount of salt in a solution by
recording the electric current between two electrodes. The common units are decisiemens
per metre (dS/m, the standard metric unit for soil and water salinity).
7. BACKGROUND
Sustainable irrigation requires management of water application and accessions to the
groundwater system. Accessions to groundwater occur basically from 3-source seepage
from regional distribution and drainage channel systems, seepage from on- farm
distribution and drainage channel systems and drainage below the root zone of irrigated
fields. Seepage from channels and drains causes a loss of agricultural production as it
involves loss of irrigation water. It reduces the usefulness of land by causing water logging
and increasing soil salinity.
 
 Seepage is the process of water movement into and through the soil from a body of surface
water.  This may occur in channels, drains or streams.  A quantitative knowledge of
seepage rates is desirable when determining seepage losses from channels or drains.
 
Seepage from on-farm channels or drains has not been recognised as a significant resource
loss nor has it been recognised as a significant component of total groundwater accessions.
Historically there has been little monitoring of on-farm channel and drain seepage losses or
assessment of their effects on farmland, groundwater and surrounding areas. Recently,
numerous reports to Land and Water Management Plans in rice growing areas of southern
NSW have pointed to the high level of contribution from on-farm channels and drains to
the groundwater system.  Losses from on-farm channel systems to the ground water system
8have been variously estimated to contribute about 15-25 % of total ground water
accessions (van der Lely, 1995).
A recent study (Strong and Barron, 1994) in the Murray Valley Irrigation Districts suggests
that up to 50% of ground water recharge may come from on-farm and district channels.
Strong and Barron (1994) showed that losses from on-farm channels filled for the duration
of the rice season could be significant.  Recorded losses range from 2.7 to 23.5 mm/day or
1.2 to 10.5 Ml/km/year.  This varies according to soil type and water table depth. The
highest losses were on sand overlying clay where the watertable was greater than 2 m from
the surface. The ponded test method was used for the estimation of seepage losses.
 
 Lawler (1990) studied seepage losses from on-farm channels in the Campaspe Region of
Northern Victoria and found that large volumes of water were being lost to the watertable
(up to 400mm/day when the channel was being filled. The lowest value recorded was
50mm/day at the end of the irrigation period.
Neeson et al.(1995) suggests that on-farm channel seepage, based on results from the
Murray Valley, may be up to 3 ML/km/year on large area farms within the MIA.
On farm options reports for Cadell (de Vries 1994) and Denimein LWMP (Smith 1996)
suggest that where seepage rates are high then control measures should be undertaken.
These reports indicate that estimates of channel seepage are an essential component in the
management of earthen channel systems. Seepage losses from channel or drains must be
located and quantified to establish their economic and environmental importance.
Most of the water supplied to large-area farms in southern NSW is used for rice
production.  Rice requires a constant water supply resulting in on-farm channels being
filled with water for 140-180 days per season. There is potential for large accessions to the
ground water because of this long ponding period (Morgan, 1994).
The Jemalong LWMP (1999) suggests about 12,000ML or 18% was lost before it was
delivered to farmers from all sources of loss. The Jemalong On-Farm Options report
(199xx) argues accessions from on-farm channels may be of comparable magnitude to the
District channel losses (ie 12000 ML) Seepage studies were conducted on district irrigation
supply channels in the Coleambally Irrigation Area (Maher and Smith, 1997). These
distribution channels were found to suffer significant seepage losses.
Van der Lely (1994) suggested that the total accession to the water table from cropping and
other lands in the whole of the CIA was 59 Gl/year.  This figure was for the total area
including the 333 farms.  This averages out at 177 Ml/year/Farm.
Comparing the estimated average seepage volumes of 12.74 Ml/year per farm to the
seepage losses derived from Van der Lely, this represents a distribution loss of
approximately 7% of the total water purchased by each farm.
Based on the estimated seepage volume of 12.74 Ml/year/farm and 333 farms, seepage
contributes about 4.2 Gl/year to ground water accessions in the CIA.
Van der Lely (1994) also suggested that water authority supply channels in the CIA
contribute about 15 Gl/year to ground water accessions.  This means those on-farm
channels and drains are contributing around 28% of the accessions due to leaky water
authority supply channels.
9Tiwari (1995) suggested that channel seepage is small in Coleambally compared to the
proportion in Berriquin, but still contributes 12 GL from 1,400 hectares of channel.
Improved channel distribution efficiency may allow increased agricultural production,
reduce irrigation requirements, and reduce accessions to the groundwater system and
subsequent waterlogging and salinity problems.
EM-based methodologies have been developed to target rice land investigations where rice
soil suitability needs to be assessed.
This study aimed at examining the use of the EM-31 technology to predict channel and
drain locations with high seepage rates.  The particular aim of this study was to identify
those sections of unlined on-farm earthen channels and drains exhibiting significant
seepage losses and to quantify those losses.
The overall goal of this research is to produce a predictive tool to locate potential seepage
sites and estimate the potential seepage prior to planning and construction or remediation
of earthen channels and drains.
The main aim was to identify the worst affected sections with highest seepage losses from
unlined on-farm earthen channels and drains.
No previous study of seepage from on-farm channels and drains has been carried out
locally.
8. METHODOLOGY
8.1 Farm Selection
In this study, seepage from channels and drains of nine rice farms in Murrumbidgee and
Coleambally Irrigation areas was monitored. Local irrigation companies were asked to
suggest landholders with identified on-farm channel seepage problems. Farmers thought to
have seepage problems were asked if they were willing to participate and 9 holding were
selected from the positive responses selected. Some farms were selected to align with other
on-farm investigations within Rice CRC projects.
Three farms were selected for investigation in each of 3 years.
8.2 Electromagnetic Meter (EM31) Surveys
A Geonics EM31 meter was used to measure apparent electrical conductivity of the soil (to
5-metre depth) on each side of on-farm channels and drains. The EM31 was mounted on
the front carrier of a 4wd motor bike and the EM31 was linked to a differential GPS so
accurate co-ordinates for the EM reading was collected. The EM surveys were undertaken
prior to the commencement of the irrigation season.
ECa survey results were mapped by SURFER (Golden Software 1999) was using the
approach of Beecher and Hume (1996).
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Location plans of the on-farm main delivery channel system and other subsidiary channels
and drains for each farm were developed from the GPS located EM data
Using the SURFER program, EM data for each seepage meter sampling location was
interpolated from the EM survey. The interpolated values were used in relation to the 3
seepage sample points at each location. Suitable sites that were selected for seepage
measurement / soil sampling are shown in Appendix 1.
The EM31 survey was used to identify priority seepage investigation sites. Where EM
values were low it was considered that high seepage rates were likely so these sites were
targeted for seepage assessment.
8.3 Peizometer measurements
Sites for installation of piezometer and soil sampling were based on EM readings.
Eight piezometers were installed in each farm prior to the commencement of the irrigation
season. Calibrated DF390 data recorders were installed in 3 piezometers to record
peizometer depth adjacent to the channel or drains at 6 hourly intervals. The data was
down loaded on a monthly basis. In the other 5 Peizometer were made at monthly
intervals.
8.4 Soil texture and salinity measurements
The soil stratigraphy texture at Piezometer locations was assessed by the ribbon method at
500-mm intervals to a depth of 3.0 metres.
The electrical conductivity of soil samples taken at 500mm intervals down the soil profile
at Piezometer locations was measured in a 1:5 soil: water solution using a calibrated DiST
4 Salinity meter.
8.5 Channel distribution on farm
There are about 32.2km of on-farm-unlined channels and 7.5km main drains carrying
water in these nine farms shown in (Table 1). Farms numbers refer to Farm A to I are
shown in Table 8.
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Table 1. On-farm channels and drains (Length of channels and drains in metres)
FARM
LOCATION
CHANNEL (M) DRAIN
(M)
CHANNEL &
DRAIN(M)
Main Rice
crop
Other
crops
Total Main Total
Farm A,
Coleambally
1400 1300 1100 3800 1100 4900
Farm B,
Coleambally
1550 800 1350 3700 1400 5100
Farm C,
Coleambally
1000 1200 1000 3200 - 3200
Farm D, Yanco 1300 755 2540 4595 2410 7005
Farm E, Whitton - 2455 4174 6629 1265 7894
Farm F,
Coleambally
- 950 2755 3705 1020 4725
Farm G,
Coleambally
1716 785 2501 295 2796
Farm H, Yanco 1140 1125 640 2905 - 2905
Farm I, Stanbridge - 1385 460 1845 - 1845
8.6 Channel seepage measurements
This study initially used two direct seepage measures (Idaho seepage meter and inflow /
outflow measurements) to determine the location and magnitude of the seepage loss from
on-farm channels and drains.
8.7 Idaho Seepage Meter
8.7.1 Procedure recommended for operating the Idaho Meter
The operator reaches the selected site in the channel or drain by wading from the bank or
by boat. The bell is then pushed into the soil, with the lid open, in order to minimize
disturbance of bed sediments. Normally, a penetration of about 25mm is sufficient
insertion of the bell.
When working on batters near the water line it is preferable to trim any grass because this
aids insertion of the bell and subsequent sealing.
The stainless steel rod that supports the instrument panel is forced into the channel bed
adjacent to the bell. Take care to ensure that the rod is vertical.
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The clear polythene tubing connecting the reservoir and manometer to the seepage meter
bell is cleared of air locks before priming. Priming consists of removing the rubber
stoppers from the junction of the manometer tubes and the reservoir, lowering the panel to
full scale, reinserting the rubber stoppers, then raising the panel to mid-scale. The panel is
then raised to an elevation where the air tube is below water level. If the water levels in the
manometer tubes are not equal, the tubing between the manometer and the reservoir is
again checked for entrapped air.
 The lid of the meter bell is screwed onto the base bell. The first indication that the meter
bell is sealed in the soil is a surge in the manometer tubing of approximately 2 to 5 cm.
This indicates a pressurization of the meter bell, which rapidly dissipates through the open
channel valve. If the manometer levels are not balanced, a blockage of either the
manometer or reservoir fitting in the lid of the bell should be suspected. If the depth of
sediment is greater than the depth of the meter bell, the bell extensions must be used.
Extreme care was always taken when installing the Idaho Seepage Meter to cause minimal
disturbance to the local soil so that the seepage pattern was not appreciably affected.
At each measurement point, generally 3 or occasionally 4 Idaho seepage meter
measurements were taken across the sides and bed of the channel. The 3 measurements
were classified as the left bank, centre and right bank of the channel line. The drop in
reservoir level (mm/min) of the Idaho meter was recorded. Each reading was taken for 3
minutes (seepage in mm/minute) and converted to a daily seepage rate (mm/day).
In year 1 of the project, point seepage measurements were made using the Idaho Seepage
Meter at 125 sites in three farms. In years 2 and 3, a total of 283 seepage sites were
monitored on six farms.
Using the variation in EM readings as a guide, Idaho seepage measurement sites were
located at 50 - 100 metres intervals where EM values were high and as close as 20 metres
where EM values were low.
Average seepage rate for the channel section between 2 seepage measurement sites was
taken as the average of the mean seepage rate at those sites. Mean seepage rate was the
average of all 3 or 4 Idaho seepage meter readings taken at the same site.
Total seepage volume for each type of channel (wetted perimeter x length of the channel x
average seepage rate for each channel) was calculated in Ml/day.
The annual seepage loss (ML/year) was estimated by multiplying the number of days the
channel/drain was flowing during the irrigation season by the estimated seepage volume
(Ml/day) for each channel type for each farm.
Seepage rates were classified into categories of 0-5, 5-10,10-20 and 20-50 and 50-100 mm
per day.
Measurements could not be taken at some sites due to heavy silt and weeds filling up the
meter bell.  Seepage rates in drains were measured only at those sites where there was
sufficient water depth.
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8.8 In flow / outflow measurement
In year 1 only, the seepage loss from a channel was calculated as the difference between
outflow discharge and inflow of a reach of channel. The inflow-outflow method uses
measurement of water flow velocity and of channel cross section at the measurement point
to estimate volume of flow at that point in on-farm channels and drains. Correction was
made for evaporation losses and rainfall if appropriate.
A current meter counter (CMC-20) (Hydrological Services Ltd) was used to measure water
flow velocities. One current meter reading was taken in the channel centre and at 0.6 *
depth of water.
 Inflow and outflow measurements were taken at hydraulic flow structures (water stops) in
the channel/drain sections where the channels had constant cross sectional area. The
presence of weeds on the channel edges interfered with measurement.
9. DEPTH OF FLOW AND CHANNEL WIDTH
At each seepage measurement point, the channel width was measured and at 50-cm
intervals across the channel, stream depth was measured. From this information, the wetted
perimeter and the cross-sectional area of each channel and drain were calculated using the
AutoCAD® drawing program.
10. STATISTICAL ANALYSIS
Seepage rates through beds and batters in channels and drains. Distribution variability and
significance were calculated.
The relationship between apparent electrical conductivity (ECa) values from the EM-31
and seepage rate measurements was examined for each farm by linear regression analysis
and log transformation ln (seepage).
11. RESULTS
11.1 EM31 Surveys
For farm D substantial variation in ECa values occurred. ECa values along channels and
drainage lines varied from 10 to 130 mS/m  (Fig 1).
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Fig 1: EM survey along channel and drains of farm D
EM31 survey maps for all other farms are shown in Appendix1. Plans of the on-farm main
delivery channel system and other subsidiary channels and drains for each farm included in
this investigation is also included in Appendix 1.
11.2 Peizometric depths
The water level depth for the farms investigated at the commencement of the irrigation
season of investigation was:
Farm A, - watertable 2.2 metres
Farm B, - watertable 1.2 metres
Farm C, - watertable 2.7 metres
Farm D, - watertable 2.8 metres
Farm E, - watertable 2.3 metres
Farm F, - watertable 2.4 metres
Farm G, - watertable 2.2 metres
Farm H, - watertable 2.2 metres
Farm I, - watertable 1.7 metres
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In general, piezometer hydrographs showed a rising trend through the irrigation season
over the range 0.3 to 1.0m (Fig. 2a-c). While most piezometers showed a continuously
rising water level through the irrigation season (e.g. fig2b farm E site 1-5), some
piezometers showed a stepped rise (e.g. Fig 2c Farm I 2,5-7) .The stepped rise in water
level was observed in those channels that were used to deliver water intermittently to
crops other than rice (e.g. corn/ soybean).
Rate of water level rise from 0.05 – 0.16 cm/month.
At the end of the irrigation season  (1998/99) the groundwater water level was shallowest
in Farm D site 5, Farm E site 5 and farm F site 8
After the cessation of irrigation water flows some piezometers showed clear falls in water
levels.
The watertable level in farm C piezometer no.4 was high from the commencement of the
irrigation season. This piezometer was drilled in low land between the supply canal and
farm channel where EM value was 30 to 40.
11.3 Soil texture and salinity measurements
Bore logs of piezometers mostly show medium or heavy clay textured profiles. However,
on most farms 1or 2 sites showed lighter textured profiles e.g. farm C piezometer 3/4
ECe values for sites were less that 2dS/m on a few sites 6ds/m.  Profile was generally
leaching shape i.e. salinity increasing with depth.
Some sites salinising trends were apparent pointy because channel passing through non
irrigated land.
Variation in Electrical conductivity of saturation extract equivalent (ECe) and assessed
soil texture with depth for all piezometer sites are presented in Appendix 1
Salinity readings in sandy loam soils were low compared to the readings in clay to clay-
loams.  Sandy loams having an open structure allow water and salt to wash through.
11.4 Channel Seepage Measurements
Idaho seepage meter
       Inflow/outflow method
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11.5 Seepage rates
11.5.1 Idaho meter
Altogether, seepage was measured at 408-meter locations in 9 farms different channels
and drains; the results are summarized in table 2
There was a large degree of variability in the mean seepage rates, between sections within
the same channels and drains.
Table 2A shows the number of measurements, the mean seepage rate and the standard
deviation from the mean for each site.
Mean seepage rates varied from 0 to 108 mm/day. Very high rates were encountered and
coefficient of variation for drains were accordingly high, values ranging from 5 to 1034
per cent Table 2.
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Table 2: Idaho Seepage Meter Measurements - Field Data
Combined Batters and Bed Farm A Farm B Farm C
Channel Channel Drain Channel Channel Drain Channel Channel Channel
Number of readings 17 12 12 14 5 8 11 10 11
Minimum (mm/d) .89 0.75 .37 .86 1.49 1.46 1.46 .55 1.12
Maximum (mm/d) 24.30 2.99 45.99 16.08 4.86 7.80 37.53 46.55 6.6
Median (mm/d) 3.12 1.50 3.18 13.47 2.00 2.05 15.45 40.55 3.70
Mean  (mm/d) 6.22 1.62 12.12 7.75 3.06 4.02 11.50 21.32 2.97
Standard Deviation (mm/d) 5.87 0.64 13.36 5.13 0.74 2.34 9.29 14.59 1.44
Coeff. of Variation (%) 94 40 110 66 24 58 81 68 48
Combined Batters and Bed Farm D Farm E Farm F
Channel Drain Drain Channel Channel Drain Channel Channel Drain
Number of readings 23 14 9 23 18 11 13 8 12
Minimum (mm/d) 4.49 2.24 12.96 1.50 1.50 1.25 1.99 7.48 2.24
Maximum (mm/d) 36.15 43.88 108.2
0
7.48 14.21 8.23 9.97 38.64 53.60
Median (mm/d) 13.46 15.71 70.80 3.49 4.36 2.24 5.98 17.95 12.59
Mean  (mm/d) 16.71 18.25 60.52 3.86 5.74 2.65 5.94 18.57 17.26
Standard Deviation
(mm/d)
9.34 14.63 32.16 1.63 3.80 2.24 2.83 11.33 15.42
Coeff. of Variation (%) 87 155 1034 3 14 5 8 128 238
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Table 2: Idaho Seepage Meter Measurements - Field Data
Combined Batters and
Bed
Farm G Farm H Farm I
Channel Channel Drain Channel Channel Channel Channel Channel Drain
Number of readings 12 9 6 10 11 7 13 7 -
Minimum (mm/d) 1.75 1.99 12.71 1.50 2.99 4.74 1.25 4.74 -
Maximum (mm/d) 91.25 25.68 84.52 11.97 14.21 11.47 14.71 9.97 -
Median (mm/d) 8.35 8.23 51.36 8.73 10.97 7.98 3.99 7.73 -
Mean  (mm/d) 19.69 10.19 52.98 7.88 9.65 8.30 5.43 7.48 -
Standard Deviation
(mm/d)
26.76 7.51 24.75 3.07 4.23 2.69 4.47 1.61 -
Coeff. of Variation (%) 716 57 612 9 18 7 20 3 -
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11.6 Inflow outflow results
Table 3: Comparison between the inflow-outflow and Idaho Seepage Meter
measurement
Farm A Farm B Farm C
Distance (from Wheel) 200m 150m 300m
Volume Ml/day Ml/day Ml/day
Idaho Seepage Meter 0.0073 0.0033 0.022
Inflow – Outflow 0.006 0.0038 0.017
The inflow-outflow measurements and Idaho Seepage Meter readings for each section of
channel are shown in Table 3.  There was no significant difference in the mean seepage
rate per km between the inflow-outflow method and the Idaho Seepage Meter.
In most channel sections the inflow-outflow method gave lower readings than the Idaho
Seepage Meter but the opposite was the case in a small number of the sample. This was
due to shallow water depth and low flow velocity inhibiting the current meter propeller.
When seepage losses were of the same order of magnitude as the inherent errors of the
measuring equipment it was rarely possible to get consistent and concurrent readings.
Errors due to silt movement and wind affected the results significantly.
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11.7 Distribution of seepage rate classes along Seepage
Table 4 Length of channel and assessed seepage volume by seepage rate class
Proportion of measured seepage rate
Farm A Main Rice Other crops Drain
Assoc. Channel Seepage Assoc. Channel Seepage Assoc. Channel Seepage Assoc. Channel Seepage
%age Length (m) Ml/year %age Length (m) Ml/year %age Length (m) Ml/year %age Length (m) Ml/year
Less than 5 53 742 1.47 86 1118 1.13 100 1100 0.33 50 550 0.25
5 - 10 mm/day 24 336 1.18 7 91 0.5 0 0 0 0 0 0
10 - 20 mm/day 18 252 1.48 7 91 0.46 0 0 0 34 374 0.80
20 - 50 mm/day 5 70 2.05 0 0 0 0 0 0 16 176 1.48
Total 100 1400 6.18 100 1300 2.09 100 1100 0.33 100 1100 2.53
Proportion of measured seepage rate
Farm B Main Rice Other crops Drain
Assoc. Channel Seepage Assoc. Channel Seepage Assoc. Channel Seepage Assoc. Channel Seepage
%age Length (m) Ml/year %age Length (m) Ml/year %age Length (m) Ml/year %age Length (m) Ml/year
Less than 5 30 465 0.66 92 736 0.90 82 1107 0.43 75 1050 0.44
5 - 10 mm/day 35 543 4.81 0 0 0 18 243 0.4 25 350 0.28
10 - 20 mm/day 35 543 5.18 0 0 0 0 0 0 0 0 0
20 - 50 mm/day 0 8 64 0.46 0 0 0 0 0 00
Total 100 1550 10.65 100 800 1.36 100 1350 0.83 100 1400 0.72
Proportion of measured seepage rate
Farm C Main Rice Other crops Drain
Assoc. Channel Seepage Assoc. Channel Seepage Assoc. Channel Seepage Assoc. Channel Seepage
%age Length (m) Ml/year %age Length (m) Ml/year %age Length (m) Ml/year %age Length (m) Ml/year
Less than 5 28 280 0.33 91 1092 1.19 10 100 0.06 -
5 - 10 mm/day 45 450 2.48 9 108 0.34 10 100 0.02 -
10 - 20 mm/day 0 0 0 0 0 0 30 300 1.60 -
20 - 50 mm/day 27 270 3.92 0 0 0 50 500 3.71 -
Total 100 1000 6.73 100 1200 1.53 100 1000 5.38 0
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Farm D %age Channel Seepage %age Channel Seepage %age Channel Seepage %age Channel Seepage %age Channel Seepage %age Main Seepage %age Recycle Seepage
RICE Ml/year CORN Ml/year CORN Ml/year CORN Ml/year CORN Ml/year DRAI
N
Ml/year DRAIN Ml/year
less than 5mm/day 6% 76 0.97 0% 0 33% 285 0.24 0% 0 20% 145 0.09 21% 340 0.78 0% 0
5 –10 mm/day 19% 254 1.95 43% 300 0.45 11% 95 0.12 19% 180 0.18 55% 400 0.53 7% 110 0.51 0% 0
10 – 20 mm/day 35% 476 0.97 29% 200 0.79 11% 95 0.17 31% 300 0.64 25% 185 0.38 36% 585 4.95 11% 90 3.18
20 –50 mm/day 41% 549 5.84 29% 200 1.31 44% 380 2.00 50% 475 2.07 0% 0 36% 570 8.34 34% 270 9.54
50 –100 mm/day 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 55% 445 16.19
Total 100 1355 9.73 100 700 2.55 100 855 2.53 100 955 2.89 100 730 1.00 100 1605 14.58 100 805 28.91
Farm E %age Channel Seepage %age Channel Seepage %age 2nd Seepage %age along Seepage %age along Seepage %age Main Seepag
e
Rice Ml/year Soya Ml/year wheel Ml/year entrance Ml/year 2nd Soya Ml/year Drain Ml/year
less than 5mm/day 65% 1605 2.26 75% 1003 0.45 53% 906 0.69 50% 350 0.28 100% 425 0.46 91% 1150 2.40
5 –10 mm/day 35% 850 2.27 25% 340 0.37 29% 500 0.89 36% 250 0.54 0% 0 9% 115 0.60
10 - 20 mm/day 0% 0 0% 0 18% 300 1.10 14% 100 0.67 0% 0 0% 0
20 –50 mm/day 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0
50 –100 mm/day 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0
Total 100 2455 4.53 100 1343 0.82 100 1706 2.67 100 700 1.49 100 425 0.46 100 1265 3.00
Farm F %age Channel Seepage %age Channel Seepage %age Channel Seepage %age Channel Seepage %age Channel Seepage %age Main Seepage
Rice Ml/year Corn Ml/year Rice Ml/year Corn Ml/year Corn Ml/year Drain Ml/year
less than 5mm/day 20% 130 0.27 0% 0 75% 233 0.59 40% 515 0.52 23% 150 0.07 20% 200 0.41
5 –10 mm/day 47% 300 1.23 31% 250 0.65 25% 78 0.04 60% 780 1.86 15% 100 0.12 15% 150 0.54
10 - 20 mm/day 33% 210 1.53 13% 100 0.38 0% 0 0% 0 8% 50 0.14 41% 420 3.43
20 –50 mm/day 0% 0 56% 450 4.01 0% 0 0% 0 55% 360 1.73 25% 250 7.67
50 –100 mm/day 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0
Total 100 640 3.04 100 800 5.04 100 310 0.63 100 1295 2.38 100 660 2.07 100 1020 12.05
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Farm G %age Channel Seepage %age Channel Seepage %age Channel Seepage %age Main Seepage
Main Ml/year Rice Ml/year Rice Ml/year Drain Ml/year
less than 5mm/day 0% 0 3% 20 0.01 30% 300 0.28 0% 0
5 -10 mm/day 0% 0 75% 590 1.15 31% 310 0.77 0% 0
10 - 20 mm/day 64% 450 3.64 0% 0 30% 300 1.25 5% 15 0.12
20 -50 mm/day 35% 250 3.11 10% 75 0.44 10% 100 0.99 34% 100 3.63
50 -100 mm/day 1% 6 13% 100 1.48 0% 0 61% 180 9.95
Total 100 706 6.75 100 785 3.07 100 1010 3.29 100 295 13.71
Farm H %age Channel Seepage %age Channel Seepage %age Channel Seepage
Main Ml/year Rice Ml/year Lucerne Ml/year
less than 5mm/day 29% 300 0.53 27% 300 0.49 14% 100 0.04
5 -10 mm/day 52% 540 2.65 18% 200 0.61 57% 310 0.18
10 - 20 mm/day 19% 200 1.21 56% 625 4.05 29% 230 0.20
20 -50 mm/day 0% 0 0% 0 0% 0
50 -100 mm/day 0% 0 0% 0 0% 0
Total 100 1040 4.39 100 1125 5.14 100 640 0.42
Farm I %age Channel Seepage %age Channel Seepage %age Channel Seepage
Main Ml/year Rice Ml/year Lucerne Ml/year
less than
5mm/day
64% 715 0.71 96% 250 0.24 11% 50 0.03
5 -10 mm/day 19% 210 0.57 4% 10 0.030 89% 410 0.32
10 - 20 mm/day 18% 200 1.10 0% 0 0% 0
20 -50 mm/day 0% 0 0% 0 0% 0
50 -100 mm/day 0% 0 0% 0 0% 0
Total 100 1125 2.38 100 260 0.27 100 460 0.35
Table 4 presents the distribution of seepage rate classes along the length of channels and drains.
During the investigation highest seepage rate 20-50 mm/day total volume loss 2.05Ml from only
70m long section and total volume loss 5.84Ml from 549m long section were found in rice channel
of Farm A and Farm D.  Maximum seepage volume loss 16.19Ml from 445m long and 9.95Ml from
180m long section with seepage rates between 50 –100mm/day in drain of Farm D and Farm G were
found. Similarly 7.67Ml of water loss from 250m long drain section with seepage rate 20-50mm/day
were found in farm F.
11.8 Seepage volumes
Estimated total seepage volume for at each farm are presented in Table 5.
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Table 5: Total seepage volume lost per year
Total
Seepage
(Ml/year)
WATER
DELIVERE
D (ML)
% LOSS LENGTH OF
CHANNEL AND
DRAIN (KM)
Farm A 11.12 1251 1 4.90
Farm B 13.56 1300 1 5.10
Farm C 13.64 1320 1 3.20
Farm D 62.20 1449 4 7.00
Farm E 13.00 1207 1 7.90
Farm F 25.20 1200 2 4.73
Farm G 27.00 1475 2 2.80
Farm H 10.01 1200 1 2.90
Farm I 3.00 1206 1 1.85
Seepage as portion of farm water delivery
The estimated total seepage volumes are:
Farm A is 11.12 Ml/year (~1% of annual 100% allocation)
Farm B is 13.56 Ml/year (~1% of annual 100% allocation)
Farm C is 13.64 Ml/year (~1% of annual 100% allocation)
Farm D is 62.2Ml/year (~4% of annual 100% allocation)
Farm E is 13.00Ml/year (~1% of annual 100% allocation)
Farm F is 25.20Ml/year (~2% of annual 100% allocation)
Farm G is 27.00Ml/year (~2% of annual 100% allocation)
Farm H is 10.01Ml/year (~1% of annual 100% allocation)
Farm I is 3.00Ml/year (~1% of annual 100% allocation)
11.9 Age of channels
Measured seepage rates ranged in 15 to 30 years old channel and drains from 0 to 50 mm/day and
from 2 to 3 years old ranged from 0 to 160mm/day or more
11.10Comparison between new and old channels and drains
Wide ranges of seepage rates from channels and drains were observed in this study. The seepage
rates were higher in the newly constructed channels or drains than the 15-30 year old channels and
drains.
The seepage results from 15-30 year old channels indicate that a combination of weeds and sediment
deposition may be the major factor for reduction of seepage. Silt sediments were deposited on the
channel bed, or on only part of the bed where the channel was curved, not the entire wetted
perimeter of the channel. However some old channels, which were cleaned prior to the irrigation
season, had significant seepage volumes.
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In new channels and drains low seepage rates were also found at many sites. These sites could have
been influenced by factors such as compaction beneath the bed of channel, soil sodicity, biological
activity and slope/bend of channel, and silt deposition in the channel bed.
The relationships between EM values and seepage rate were poor as shown in Figures
11.11Seepage distributions
11.11.1 15 to 30 year old channels
Seepage distributions along the length of the each channel and drain are presented in Tables 3A, 3B
and 3C.  The maximum seepage rate (20 - 50 mm/day) taken across all farms occurred:
in 5% to 27% of the length of main channels
in 0 to 8% of the length of channels in rice
in 0 to 50% of the length of channels in other crops
 
 An exceptional situation was found in the main drain on Farm A where high seepage occurred along
16% of the total drain length.
 
 There was a significant difference in the seepage rates between sandy loam and clay soil. The
highest seepage rates were measured on the sandy loam site with a shallow watertable within 1 m or
less.
 
 Farm A, high soil salinity was found beneath the channel where it passed through an area of low
watertable with a depth ranging between 1 to 1.5 metres. Silt deposits and weeds were found in
many places along the channel length. Deep silt layers deposited on the beds of these channels
helped to restrict seepage. In those places the seepage rate could not be measured because of the
limitations of the Idaho meter.
 
 Farm B, most channels were 20 to 25 years old.  These channels passed through an area with a
relatively low watertable depth of 0.8 to 1 metre. At this depth most lateral seepage was through the
banks of the channels and drains because of low watertable. The main channel on this farm had a
moderate to very high seepage rate along its entire length.
 
 Farm C, most channels ran through medium sandy clay loam soils, where the watertable was deeper
than 2.0 metres.  This study showed that vertical seepage occurred through the bed of most channels.
 
 The average estimated total seepage volumes for these three farms are 12.74Ml/year/farm.
 The total length of unlined earthen channels and drains on these 3 farms is 13.2km. Using this data,
the seepage volume converts to an average per kilometre per year figure of 3 ML/km/year of
irrigation water lost to seepage.
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 Water supply engineers generally quote seepage losses from authority distribution channels in terms
of ML lost per kilometre per year.  To do so in the case of the 3 farms studied tends to diminish the
magnitude of the problem.  Seepage from the channels and drains tested in.
 
11.11.2 2 to 3 year old channels and drains
 The variation between seepage rates estimated along the length of each channel and drain are shown
in Table 3B. The high seepage rate (50 - 160 mm/day) taken across drainage net work of two farm
occurred:
 
8%, 50% and 56%  of the length in three drains
11.11.3 Mostly seepage found in rest of the farm’s channels between (10 to 50% mm/day).
There was a significant difference in seepage rates between channels and drains. The highest
seepage rates were measured in two drains.
Farm D, total measured seepage volume obtained 59.25 ML/year. It was noted that relatively low
amount of seepage experienced in channels as compare to drains.
Only 15 ML/year seepage losses were from total farm channels of 4.6km long and 44.21 ML/year
losses from drains of 2.6km long. Generally soil in drain may be describe, as loam to sandy loam,
consisting of permeable sandy clay loams to light clay and sub soils are low salinity.
Similarly in Farm G more seepage was found in drainage network and Farm F, more seepage is
found in channels those were used for rice and corn crops. Farm drainage network was 1020m long
where 10-20mm/day seepage was found in 42% of the total length of drain.
EM31 survey indicated that majority of the channels in this farm were constructed in shallow or
light soils.
Farm H, comparatively less seepage losses were found in this farm. The reason, channels were
originally constructed on good local clay soil and well compacted before putting water into these
channels. But in the beginning of the irrigation season some bank sections were leaky because of
yabbies holes that were fixed by farmer.
Farm I, water table and soil salinity was high at two sites. More seepage losses were expected in this
farm. Only 1.8km length of channel was measured. Because of the obstruction of excavated
material, of newly constructed drainage network that was not removed from the farm. It was not
possible to access drainage network and some other channels.
This survey does not occur evenly along their length at a uniform rate.  On the contrary these losses
occur at specific points where the volumes of water flowing into the surrounding land and water
tables are very high.
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12. STATISTICAL ANALYSIS
Initially the relationship between apparent electrical conductivity (ECa) values from the EM-31 and
seepage rate measurements was examined for each farm by regression analysis. The relationships
developed were poor shown in Appendix 2, Figs 4a to 4I.
Significant variation in ECa values was recorded along the length of the on-Farm Channels and
drains (Appendix 1, Fig 3d.1.). From these survey maps, sites with a history of seepage problems
were confirmed in discussion with landholders.
In Appendix 2 Figs. 4a.1 to 4I.1, the relationship between ln (seepage) and ECa values along several
channels / drains on each farm are shown.
Most of the higher seepage rate sites occurred where the low EM-31 readings were found.
Table 6 presents the summary of the further statistical analyses. The seepage data exhibited
significant variance heterogeneity, related to higher seepage values. Thus the data was transformed
to ln (seepage). This transformation had the additional benefit of linearising the relationship between
seepage and ECa.
Additional spatial correlation, having adjusted for non-smooth variation was modeled using a
separable one-dimensional exponential covariance model within channels (Gilmour et al. 1997). We
assumed that the residual variances and spatial dependence parameters were the same for each
channel within a farm. The data from different channels was assumed independent.   All analyses
were performed in ASREML (Gilmour et al. 1997).
The F-statistic (ECa) in Table 1 measures the strength of the relationship between ln (seepage) and
ECa. The effect of ECa on ln (seepage) was highly significant for all farms. The fitted regression
equation and the log transformed data are depicted in Appendix 2 Figures 4a.1 to 4I.1 for Farms D
to I. The substantial scatter reflects the spatial heterogeneity and can be misleading in interpreting
the strength of the relationship.
The model for each farm included either a smooth spatial correlation component or sampling
location or sampling side component. The presence of the sampling side component for farm D can
be explained by the use of the channel sides as a roadway for heavy farm vehicles one side. The
significant spatial correlation for farm I is probably due to the slow change in soil type for the most
intensively sampled channel on that farm. The significant, non-smooth effect of sampling location
for farm E probably reflects areas of heavy sediment, particularly within the middle section of the
channels.
29
Table 6 Summary of analysis of seepage data
a b C d e f g
Farm F-statistic
(channel)
F-statistic
(ECa)
ECa –
slope
Error
variance
Location
variance
Side
variance
Spatial
correlation
/100m
A 3.43 39.16 -.0206 0.570 0.065 0 0
B 12.85 16.45 -.0167 0.426 0.243 0 0
C 0.01 79.14 -.0331 0.272 0.309 0 0
D 4.40 40.85 -.0157 0.319 0.357 0.107 0
E 4.22 61.05 -.0321 0.245 0.176 0 0
F 7.09 139.80 -.0178 0.209 0.055 0 0.17
G 4.00 90.72 -.0281 0.250 0.202 0 0.29
H 0.98 42.14 -.0233 0.266 0.152 0 0
I 4.69 30.89 -.0112 0.460 0 0 0.46
Key to columns
a  F-statistic for channels tests whether there is significant variation in seepage due to channels not
accounted for by ECa  measurements.
b  F-statistic for ECa tests whether  the “partial’’ correlation co-efficient between ECa and Seepage
is significant.
c Slope of the regression of ln(seepage) on EM.
d Error variance accounts for all factors-Channels, EM reading and sides.
e To account for the correlation between sample sites within location
f To account for the correlation between sample sites within sides
g To account for correlation between sample sites along the channel
In some areas seepage rates were found to be low despite low ECa values at these locations. These
anomalies were attributed to various factors which included compaction of substrate, clay layers
below channel bed, sodicity, biological activity and sediment deposition.
Combining the seepage-monitoring program with the EM-31 electromagnetic survey method proved
to be highly effective in detailing the nature and extent of the problem. Despite limitations in
interpretation of the ECa values in some locations, the EM-31 method is considered to be an
important predictive tool in the first stage of seepage loss assessment.
13. COST OF REDUCING SEEPAGE
Seepage, like other distribution losses, has traditionally been recognised as a lost resource, but little
action has been taken to fix the on-farm problems.  The cost of reducing seepage losses can be
directly related to the value of the resource.  When water is bought by farmers for a low price the
cost of losses due to seepage is not considered to be very important compared to the very high
capital cost of repairing leaks (pers comm, landholders).
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Seepage has an adverse impact at the farm level, and are a major and often the sole contributor to
local waterlogging problems. Localised high water tables adjacent to sections of on-Farm Channels
indicate a continuing source of seepage loss.
Detailed investigations on the cost, life expectancy, and effectiveness of various seepage control
methods have been carried out in the Murray Region and in the Coleambally Irrigation Area (DWR
Technical Report 1995). Table 7 shows the costs, in 1995 for the Murray region.  The prices quoted
may be different in 1998.
Table 7: Cost, life expectancy and effectiveness of seepage control methods
Seepage Control Method Cost
$/m2
Life Expectancy
(Years)
Seepage
Control (%)
1 Clay lining 16.00 15 60
2 Bentonite Grouting 40.00 15 40
3 Concrete lining 170.00 30 95
4 Key Trenching 03.00 5 50
5 Geo-membrane 07.50 10 30
6 Geo-membrane + Key Trench 22.00 10 75
7 Cement + Lime + clay 15.00 10 75
Source: Tiwari 1995
14. DISCUSSION
As a range of channel physical and usage characteristics is influential over the full range of soil
properties, the problem of seepage loss cannot exclusively be addressed through the use of EM31
Survey.
Methods of identifying the extent and likely magnitude of potentially high seepage loss sites along
channel and drainage lines need to be developed.
The EM-31 method is considered to be an important predictive tool in the first stage of seepage loss
assessment and is one potential methodology for use in the alluvial landscape of the Riverina.
Seepage increases from trapezoidal and rectangular cross sections. It is found that the magnitude of
the increase depends on the soil and water table conditions in the farms.
15. CONCLUSION
These sites were close to the areas previously identified as ‘moderately high seepage areas’ during
the EM31 surveys of the entire length of on-farm channels and drains.
Results showed that EM31 reading were strongly related to change in seepage rate.
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Slope of trend lines relating EM31 reading with seepage increase as the EM31 reading reduced
shown in figs EM31 vs Seepage.
When an area of low conductivity compared to surrounding areas was found it was inferred that the
leakage rate was high.  Salinity readings in sandy loam soils were low compared to the readings in
clay to clay-loams.  Sandy loams having an open structure allow water and salt to wash through.
These sites were close to the areas previously identified as ‘moderately high seepage areas’ during
the EM31 surveys of the entire length of on-farm channels and drains.
These are the types of sites that should be targeted for rectification and improvement.
The most important channel factors with respect to seepage in the on-farm channels and drains are
the type of soil and the water depth in the centre of the channel or drains. It is found when EM31
values and watertable are low than seepage does not depend on the wetted perimeter of the channel.
In on-farm channels and drains the width of the water surface has small effect because it is not
varying much along the length of the channels or drains.
However seepage magnitude is affected considerably by the width of the channel.
 It is apparent that the EM31 survey reading has profound effects on the seepage rates. Figs show
that where EM31 survey reading are high the seepage rates were low and vies versa.
The EM31 measurements provide very good results for the identification and quantification of
seepage. EM31 is measuring the effect of channel seepage rather than channel seepage itself (EM31
response is a measure of the surface soil salinity.
The Idaho seepage meter provided useful results for seepage measurements. Idaho seepage meter
measured direct seepage loss. Any loss from the reach, in addition to the observed losses, (leakage
and evaporation) is not included in seepage.
The combination of the Idaho seepage meter and EM31 measurement provided a good technique for
the identification and quantification of seepage from sections of the on-farm channels and drains.
15.1 Factors influencing the effectiveness of EM31 Surveys in determining seepage loss
The EM31 does not directly measure any one of the soil layers within the profile of a channel or
drain but the average conductivity of the profile to a depth of six meters. Only apparent conductivity
is measured and further information must be collected from the site to correlate EM31 data with the
actual soil type and timing of land use activities such as biological active soil layer, excavation and
traffic-induced compaction (by heavy vehicles) etc.
There are many factors that may influence the interpretation of EM31 values. These include
variation in soil type, channel/drain history, construction techniques, and the presence of sediments,
weeds and any slope or bend within the middle part of the channel/drain.
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  NEDD to make explicit how are using EM in design or in just identifying seepage sites. In existing
or in new farms
During measurement of water losses from on-farm channels and drains it was found that many
effects occur largely as a results of the following factors:
1. Particles detached by water flow or wind are deposit in the channel/drain bed. These particles
provide a temporary thin layer of sediment and act as a soil stabilizer in places of seepage loss.
The flow is distorted by this surface. This thin boundary layer of sediment acts as the prime
influence on top soil hydrology and is a function of two types of static (particle size, type of
clay, percentage of calcium and organic matter etc) and dynamic (moisture content, percent of
soil air etc) variable sets. The collection of sediment will reduce the conveyance or distribution
capacity of channels.
 
2. The transfer of momentum at the time of heavy machinery movement impact on change in soil
properties. The principal control processes involve the relationship between erosivity (the energy
provided by water) and erodibilty (the resistance provided by the compaction surface).
 
3. Movement of livestock live stock in a section of channels produces soil puddling (mixing,
changing and moving of soil material) and is one of the factors affecting the properties of some
soils which result in low seepage.
 
4. Weeds and other plant material trap sediment and encourage the build up of a thin layer of
sediment on the top surface of channel.
5.  In some sections of channel a very thick weed growth prevents the installation of seepage
meters. At such sites no results can be inferred.
During this investigation the researcher developed a new procedure, combining the EM31 survey
technique, soil sampling with direct measurement. Others have used this method in the past to
identify high infiltration sites in paddocks, especially in rice fields.  According to the best
knowledge of this researcher this is the first time that the method has been applied to detecting and
quantifying seepage losses from on-Farm Channels and drains.  This proved to be a valuable and
reliable technique for identifying the sections with the highest seepage losses.
Lining channels and drains with an impervious blanket can control seepage.  If the entire length of
an existing channel or drain was to be lined, the material costs would be high and the job would be
difficult to install making the whole process very expensive. Lining of only those sections of
channels and drains where the seepage exceeds a recommended rate is one means of reducing the
cost of seepage control.
Seepage measurements of channels and drains in this study identified sites with significant levels of
seepage and other sites with very low seepage rates.
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Methods of identifying the extent and likely magnitude of potentially high seepage loss sites along
channel and drainage lines need to be developed.  One potential methodology in the alluvial
landscape of the Riverina is the use of EM-31 surveys.
Combining the seepage-monitoring program with the EM-31 electromagnetic survey method proved
to be highly effective in detailing the nature and extent of the problem. Despite, limitations in
interpretation of the ECa values in some locations, the EM-31 method is considered to be an
important predictive tool in the first stage of seepage loss assessment.
16. RECOMMENDATIONS
For existing channel / drainage lines an EM-31 survey be combined with simple field observations
of features associated with seepage (e.g. wet soil, plant growth, water lies in the channel, water
disappears from channel).
An EM-31 survey (results verified using targeted conventional drilling techniques) should be
conducted before the construction of channels or drains commences.
Produce a predictive tool / decision support system (i.e. a combined approach using direct
measurement and EM technology) to locate potential seepage sites and estimate the potential
seepage prior to planning and construction or treatment of earthen channels and drains.
Design and construct Farm Channels or drains, to avoid crossing low ECa values  (i.e. prior stream
channels).
Where no satisfactory channel locations are available design the channel to include plans for
reducing seepage by lining or compaction.
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Table 8: Farm reference
Farm A Farm No. 562 Coleambally, CIA
Farm B Farm No. 216 Coleambally, CIA
Farm C Farm No. 2 Coleambally, CIA
Farm D Farm No. 1576 Yanco, MIA
Farm E Farm No. 1762 Whitton, MIA
Farm F Farm No. 69 Coleambally, CIA
Farm G Farm No. 15 Coleambally, CIA
Farm H Farm No. 1691 Yanco, MIA
Farm I Farm No. 1103 Stanbridge, MIA
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Figure 3a.3: Soil texture and soil Salinity of channels and drains for farm A.
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Figure 3b.3: Soil texture and soil salinity of channels and drains for Farm B.
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Figure 3c.4: Soil texture and soil salinity of channels and drains for Farm C.
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Figure 3d.3: Soil texture and soil salinity of channels and drains for Farm D.
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Figure 3d.3: Soil texture and soil salinity of channels and drains for Farm D.
Peizometer  no 7
-300
-250
-200
-150
-100
-50
0
0 2 4 6 8
EC dS/m
D
ep
th
 (
cm
)
Heavy Clay
Light Clay
Medium Clay
Heavy Clay
Clay
Light Clay
----------------------------------------------WT
Peizometer  no 8
-300
-250
-200
-150
-100
-50
0
0 2 4 6 8
EC dS/m
D
ep
th
 (
cm
)
Heavy Clay
Heavy Clay
Light Clay
Medium Clay
Clay
Medium Clay
----------------------------------------------WT
51
52
53
54
Figure 3e.3: Soil texture and soil salinity of channels and drains for Farm E.
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Figure 3e.3: Soil texture and soil salinity of channels and drains for Farm E.
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Figure 3f.3: Soil texture and soil salinity of channels and drains for Farm F.
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Figure 3f.3: Soil texture and soil salinity of channels and drains for Farm F.
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Figure 3g.3: Soil texture and soil salinity of channels and drains for Farm G.
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Figure 3g.3: Soil texture and soil salinity of channels and drains for Farm G.
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Figure 3h.3: Soil texture and soil salinity of channels and drains for Farm H.
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Figure 3h.3: Soil texture and soil salinity of channels and drains for Farm H.
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Figure 3I.3: Soil texture and soil salinity of channels and drains for Farm I.
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Figure 3I.3: Soil texture and soil salinity of channels and drains for Farm I.
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Appendix 2
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Figure 4a.1  Plot of ln (seepage) verse ECa for Farm A showing linear relationships between 
seepage and EM-31 for different channel/drain. 
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Figure 4b.  Plot of seepage verse ECa for Farm B. 
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Figure 4b.1  Plot of ln (seepage) verse ECa for Farm B showing linear relationships between 
seepage and EM-31 for different channel/drain. 
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Figure 4c.1  Plot of ln (seepage) verse ECa for Farm C showing linear relationships between 
seepage and EM-31 for different channel/drain. 
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Figure 4c.  Plot of seepage verse ECa for Farm C. 
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Figure 3d.1  Plot of ln (seepage) verse ECa for Farm D showing linear relationships between 
seepage and EM-31 for different channels/drains. 
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Figure 4d.  Plot of seepage verse ECa for Farm D. 
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Figure 4e.1  Plot of ln (seepage) verse ECa for Farm E showing linear relationships between 
seepage and EM-31 for different channels/drains. 
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Figure 4e  Plot of seepage verse ECa for Farm E. 
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Figure 4f.1  Plot of ln (seepage) verse ECa for Farm F showing linear relationships between 
seepage and EM-31 for different channels/drains. 
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Figure 4f  Plot of seepage verse ECa for Farm F.
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Figure 4g  Plot of seepage verse ECa for Farm G. 
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Figure 4g.1  Plot of ln (seepage) verse ECa for Farm G showing linear relationships between 
seepage and EM-31 for different channels/drains.    Rice
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Figure 4h  Plot of seepage verse ECa for Farm H. 
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Figure 4h.1  Plot of ln (seepage) verse ECa for Farm H showing linear relationships between 
seepage and EM-31 for different channels/drains. 
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Figure 4I.  Plot of seepage verse ECa for Farm I. 
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Figure 4I.1.  Plot of ln (seepage) verse ECa for Farm I showing linear relationships between 
seepage and EM-31 for different channels/drains. 
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